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The present invention relates to a ferroelectric capacitor improved with an electric 
characteristic by changing a contact characteristic between an electrode and a 
conductive oxide layer and a characteristic of a ferroelectric material through an 
interfacial engineering approach and a method for fabricating the same. Especially, the 
conductive oxide layer made of ruthenium oxide (Ru0 2 ) formed on the electrode based 
on platinum (Pt) has a thickness less than approximately 15 nm, and as a result of this 
preset thickness, a PZT layer formed on the Ru0 2 layer is formed such that the PZT 
layer includes small crystalline particles and has a smooth surface. Therefore, it is 
possible to overcome difficulties arising in case of employing an over-etching process. 
Also, an asymmetrical electrode structure can be applicable by forming a lower 
electrode on which a dielectric material is formed in a structure of Ru0 2 /Pt and an 
upper electrode through using such a material as aluminum (AO instead of Pt. This 
asymmetric electrode structure provides effects of solving an adhesiveness problem 
caused by the use of Pt, overcoming a difficulty in etching Pt and reducing 
manufacturing costs through eliminating the use of expensive Pt. Furthermore, a 
roughness of a substrate surface is improved by changing a deposition recipe for the 
electrode when the ferroelectric material is formed on the conductive oxide layer. 
This improved roughness provides an effect on reduction of leakage currents, thereby 
further satisfying required conditions for the application of FRAM and DRAM devices. 
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e iote e saw me ssaa ?h ra ai e-i ehi ?jio\m, Ru02/pt ^khi pzra mm 

E lis a g-g(H| [ftg SSSai ?HIIA!EiCHl aCHAL Ru02/Pt 2^ ^Wl PZT2j X-ray tig D@, 

E 12- ^ g- SH 1H AlEiCHI aCHAL Ru02/Pt Olg^rO) EfWia ErgfE!" 

pzt asaa w-BAianAi «±eiieiai± ^a, 

E 1-3g H ITS (HI CDS SSaSI JHIHAIEIWI aOiAL Ru02/Pt a^M OlguHS EWCHS PZT agaa 

e ite s irsoj ojg asaa ^HiAiEiQii aou-i, Ru02/pt a^m oigtrOi s»oia pzT-s-sas 

?HSHA|EiCH!Ai *¥S SIS «g 3^3, 

HEIII £ 15a LHAi £ 15d£ B 1T90I CLS 2«asll ?HIHAIEW aOIAI, RU023 $31 (M EEr « 

pzt sj-stsj sr&rsi LhEhty s^s, 

E 15a~ Ru022J =]Ji|^h 70nni g g?W PZT £3 S«€Ij2. 

E 15b~ Ru022J =JHP|- 30nm Bi 3^tHi §«3 PZT S3 SS-0ID1, 

E 15c^ Ru02°J ^W7[ 20nm ^ 2? Oil SSSI PZT B|S{-2| £3 SSOfDI. 

E 15cfe Ru022J =m?l 10nm g S^Qil PZT «^EJ £g 3#0ICr. 
E3Ej ^R^^CHI CHtt ^2^1 £3 

1 . Pt a^ 2. Ru02 aE£ i+th^ 

3. PZT a-SiSSI 4. Ru02/^ 2 Eg 4*flS|- 

5. pt ai a^ 6. Ti ™mm 

7. Si 02/Si 

- - '- ^Msw ^^^^'W^^s^r^sf^^ — - — — * - — - ^ t 

g fgg. ^13 :S^interfacial engineering)^ S«S Bmtif&i 3^5>2r S ; EiS. -fiffl^ . g2| 
9t»Sa*IS| S1FAI3 3 m&Q\ Was &SaSI ^HUAIET §! 3 : 3315 S3 Oil ffltt 21 

□ID. 

aSSM WfllAIEte aSS SESOI SS" a^§ S-flS SH3\. »»S|SS ASBfe ess 

a^B sf as^s 2!^ a?ffl'»« ^opi- saltan an, 21s sti s^ ^-a s-s? r 

?iA1 §fi 7EIS- AI30I SOI- iKKHI ^gu^j DiSS figGIOK 

s-saai; SiMAiaBi a^^M^ m^Bi 3° pt e^ Pt/im AHSa'-a-'a'sa; a^nh 

SSaai 711 3 (HI *«ISfe ^ SHCoxyzen vacancy)MS 3t} a^l^ Sa^.aCf; 
^EHUHZh. £N£ SSDI .MSiSlS WiffilOl SZ!" 3«- SSoiS SM: .^rWHill M All! RuQ2& 

ass assi .eb£ : s ^ his * : staxffit- ;£ r« aw*-5-sa-s:qi$a 

aoj ,: oia&."Sptf 'as&asa Mum a^a ssaa Jia^saetfe atttcWe6t!)«s-2!!B-a« 

§^:(Mrrier height)2J S^a^LK aE2 ^^(Ru02)°J ^EIIs(Ru) ^^01 PZT(RbZrTi03)°| 

SSAl: n&mO\ PZT°| l'Sa-73-(grain) 3 711 0« AI PbCSr SSS §13 B^H|-&i*a'fl.«id- 

ruthenate(PbRu03-X))O| ^iSaOl '9Sa» "7j»0f OBSOfl #7rEfe 51^^ 2J^£J 

GH 

asaM- ^sti^ mwmw\ ^ghai, as ^ TKmis ^3 s§s 

iXH5|"1B?W 19*fg SfitH a^QICK ^uL DRAM WHS f^g 71 *j i7J£j B:^S a# « 
SOI Ei^ai^i ErS (refresh time)S ^Sor~ SSt!" S^QICr.- UI?IWS 7|Sj 3^ Bl^ai^l E> 

sii-b -BBoriasLr ^3 a^om 3t»- ^ ^ ■&» "as*K>i ^ ^?a- ^tiiai 

sum an ach 

i^£g, PRAM 7|2j a^S ^^^fe ^SS OiEi 7W a2.Lr ^Til Z7W.»SJ:2:S U :i =FGH2 

ek. 3r5-'aroi Argan ^is s-s^ a^ou s-saalM g^&fe saom. oi §^ a^^s 
= pc?.K:aa,Argan .acr. .wns-pt aas 3*.as« ais^ ss. .ej jiis amoi 
oi E^aoi Aiimi xiyoii -nsca- ±asaiei ^isoi as 9B : ;ins"or^»»M oiass 
5i2. ao-. oiaws^ a^si g-gg aswh^i ?isra awa : aEa^a^s^.inss-a^*3- & 
^..THas; 4 a^ie, 4^ asa- .ars sasi Qia«¥« as^i wsdi us : &aoi ?isi"^»s£i 
ss«- sfif.afe ^ a 01 Eh &?\ °j ssw-ct ^hai a&i&.3« ffltwas^eisi stw. se» 

aS2J EF4: 7H^3i^U S Q M&OI Ifiti" ^§OIEh ^ g^SJEI Ght! BE-S iitr^ 

oiu;^^°Mh as^ i*»sioi a^#oiiAi «« : a& ssaawiw pztjs -AFSftroi -as ?hhhai 
Eieor^fl'-ae '«sqi us ass sss §asoi aa. as, e i.si afm s&»# -asma, s a 

a"2J2| : "fililS a 95-018042, US 5,142,437, US 5,491,102 S! US 5,471,353 SfSOflAI SIAIS 

Ru02/pt a^onAi 4sss pztbj ig§ g 4 aEh. oi5[.iroi-sEH-7iftn ass Ru02 4^ PZT 
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a- mqi^ °m\ sntw sr 4= ao. -oiae e 221 fesem aksmate smkisdl of? ni/Jitr 

BUWOI 'S Hid* AHDIOil «»*H31 SiH £S2J feHEfCT BT 4= SiCK *», SEH^J SSZSM 2HEH 

AIEi(Ru02/PZT/Ru02, Pt/Ru02/PZT/Ru02/Pt)M£ SMH3a:>r S-tfS|£ 31B0I 4»SE! S3 01 ^ 

*jch ^3 si tij AH£ 0 ] a sjchu—- sjs asoi asi^s aioiun spi msou e an eais 

brSSKirtil :SABM(rossette) «'EH2| SfS a* S=0. 01 3^ perovskite gral-riDI- perovskite grainSI 3 
WSWfe'.grSa'SS Sfe pyrochlore phased SBWJI SD, 01 pyrochlore phased perovskite 
Phase&h ' Hn af*2j ±#Oii CH^rOl §1 fISM 01^71 EBSM' 3SSM".3flH:AiaS| IS U-SS71 
HO, Q«».H-S *«:QrU™S Vfi StOI ?I*G2 3CHI IEEI- ITfi^Cdepolarizat ion) 2JQ| 

71*! ±» §^ai fea oua^ ar«w *a>sff oHja zgoi iisq as sms *i2t ^§ai a 

bHWIS (overetching)OI BHD] IRt!" ErSQI 2iO. 

B Q AUK* ^# $»KM ^OiSH^ Affi«0|- £ 3a S E3b0i! EAIEICH SID, ? 

2 S 3a0f| EAIS d|-2HrOI H7I7I- S EIXCT S-SSS§ UEfcHS perovskite phaseOIH tlJ&l ^ 
2'»Q| pyrochlore phaseOIQ. £ 3b= ^HF 2X1- tffl|3£S SS til HBOIO. 19 S«2| S SiXI- 
|§ tig IH@CHlAi A^gM UEHJ-2, S*r#£ til MSQilAi S£S-UEHrfO. £-3a2| til 1 
&WIA1 £^§S perovskite phaseOIH US pyrochlore phaseOIO. pyrochlore phased B7}S| 37I7I- 
^fa perovskite phase- EW2| H7|7r 0.5 M m 0|#0IO. 27H°J SOItt #2| SXH^ £ 42j X- 

ray IBgirtAlE 3 LhErfc+O. 29.85E EMUM 3§0.l IS .4jfflS-USU= 30| pyrochlore phaseO I 

tf. s Bfiir £E"fis oie-'ssaas sjb jhiaieisi a?i*! §se -so so. si^eiieiai^ 

fefl- LrEH-HH £ BS B« §S1 SG1?~ TDDB ft&OtQ. £ 6011 EA|£! HI-SI- SOL 

Ru02/PZT/RuQ2 5H HH Al&i MO ^201 JRaS Pt/Ru02/PZT/RuQ2/Pt 3H1-AIEI21 ^ aSSE *f 

5x10-5A/cm2 dILK. 0| iXKHI ggWItHIS EHBffl. S SO H ffl^OI tfSQIO. 

pyrochlore phaseei SXH SI H SfOI SfioHIr. 

oLs--.*ae-aja.sroL ssaaiM 01^1-^ aiwars-^iei pt»-"its ^9.^. 

Argots- sefsj^s si* ^sor s si?f afiu-q- a^oi whskn *soi 

EfHQP SO. Oia £rg# ^uK?! flWAI SSSai ^tr^-(Ru02) 9M S^trS ^^rB] ^3 

S flSaii IfSSl. 192] §S(morphology)OI LrBHKLH > OlSfflW ¥fl 2^^| ^SOI LrHHr'^ ^ 
XKHI ;-»»QI SSOIO. 

B/ : -HfSSI ^K?i2h ".SirS--SBISft ?H4! orIlXF ^TSS 7JLS Sti^ ^SOilAI SSSaiSr S^2f2] 

* ^ISfr^Oir 21 ^sKn- 2iO. 

^isKa-i Asia -s ^swi c^g srsaa witaiei^, 7ib : *f* w a^w 

SES RuGZ/^^X-il PZT/^ £!"trM Ru02/fe^ Pt .S'^2| .^^g 3«gj aBSa ?Hui 

AIEHWI: SiGH Al . ^?| 4»SrM Ru02 2] ^IfM 15nm OISS ti^^fOt ^1 PZT 71 

S3i? r rohm ome wg*! eo. 

"SlffliAL 6^1 PZT°I 250-270nm 2 301 HfB^IWQI, 4^1 ^ Pt 2R01 A I S^SS 

«*K)| B Bf3H : EOS 3f S3 3 M AIE1 2J SIS -.»BS. 715 &WI 
tli^ 'a^'SS Ptg -SjiBorS E^l ; ^71 o}^ ^ m\ nm SSS trSr:g:#Bg ; Ru02M ^#^rS 3 

* ^ji*i#-:BSs;"flffl«i( SM. e»aas:pzni:.4:»!ai ^nfe .b»; fe^i s- - 
n s"sa «ms«-ss mz/m ^ssofe a fe^i -fe^ ass &sn* s=ot'Pt» ^#oi^ 
ss*if "sBisHc &saa: ?hihaiei^ his s-ami. siCHAi, »?j"to02>asa'e«»*» isri oiwsi 

^I1S ; "5|»#HDI, 6^1 PZT 3S13a fe^ XSSI Tig^ll 10nm DISK mSafe 3§ '^S^S -t}0. 

e ^soii ! &biAii §3 aS rt- a^'S dc apuie ..^la-Eiaass .2001*21: ^jjiis s*r»ji, ^1 

Ru02 tm. .aSS ^trM#S E^l^, &± ^STOI 20-40%°j &EH0HAI RuO>#: MM 3 

flj; a ! &?| RuO>a 5S* S§A|?|H Rt# §Q|7| WHS 550SCHI Ai 30& S«f-«aa*fe AIM S-fll: 
■•iffiBHH, ^l-PZTg BJftffrfe &71I&, ±B QISS-rCB 250-270nm^ =33j|S r PZTM ' : S*t»r- 

AIM *t7t: 3 S7I PZTS 65QEMAJ 1AIS" BS B»HI»fS' Eftl-i»-S4l»te 5101 

&. : ws2j-&sa*i wihaiei- ass irt^ ss^i §ss£ ssaasi 

?H.asH3i a shi- isi sf^Ai?i.s swrws-Qio. ssa« ?hiaiekru02/pzt/ru02, 

Pt/Ru02/PZT/RuG2/Pt)*e MZtM aCHAI^S-Sa-fe PZT S"Sa jlllftife 71501 Ru02 -Eh?ffS 5 

SOI TfliOi; .£ 2(HI £A|§ UW -BOh 3-SaS# perovskite grainSa-'SHJI 3 3711 SOU 3"^a 
: SfSSA! Perovskite phaseSh SI-HI a^2j hMCHI EHSra SB tl^m: 0I¥0I IS iSt.U 
m\ oFS pyrochibre p^se7^ 5MSO. Ett ««B PZT°J-£i SSOl TiSOiTIITil SO. Oiath 
g ..*iaWJ KM PZT7I- «'aEI& 7IS-S0I Efe a£S ««ESf2I-SIS« SS^fe CHdtHL TtIS g*i 
^: aag :OJ§trtt pyrochlore phase ?\ ^2EI^ BfntffH' ^ iSff BHHH-TJ tVE S^M a 

*Ho}ao. .^asj^s na^j ^s^s^ HH?fsa sssoiisisai, ojEla uh^soii stf# 
m 4=',2i= .siss Pt^ s*iei Ru02 e^r si s^a-saoi ao-. ptsj-sj ^2 
01 araofl: cp-ei- issxfsj awi^ a «mn, n ?ioj e^ri RuQ2°^ m^oi urao; mm 
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□las* atfe RuOM+»sra mn 2201 eis oettsra- ^e s «*ts Ruoe^+aara b»ei ^2 

01 -Elfe SESI- AKWt 2JoHA|E BSSXISh B B3WA]£ ««|, Ru02 2B«£Sfl, 

p ZT yi-Q|oj g £S 7111711 «oi&a sswach' 

^ B ITS (HI CD-S S-SSai 5HS«A|Ei^, E TfOil EAi£! dBr BOL Ti §^#(6)01 ^id|£! Si02/Si 
7IB(7) SOI *W Pt 2^(1), SP* tflrM Ru02(2), Si? 2*1 PZT(3), £W 

RuG2(4),£^ Pt 2^(5)2| aj«£l&Blj #7! o"r^ 2 Eg 2*ffl# RUD2 2j 15nrn QloE § 

SEIH Wl #7| PZT(3) S3 2| 71117171- 10nm DlffhS 9E* *m 21201, #7| PZT(3)2| 
250~270nm 7 1- 2IE^ SHLL Et!\ Pt 2^(5)^ Al 2^H^ CHSIl ^>E 2iQ. 

OtSlh B£ l> k S2ffll 5HSHA1E121 fl£ %™W E 7a LHAI E IBS fl3«rS U-SSr BEL 

373, E ?affll EATS HKr B£ S102/SI 7IBC7) SOil Pt2| S*M. SOBWl *l= Ti . S«Tft(6>* ^Ul 
t+GB, 3 flWI- E 7WHI EA1£! id 1-2} BOL PtS S^KJI 2^(1-)g Pt 2^(1) 

g DG QaL1IM€ ^fflElgg^S S*t8tDL S§ £2£ 2i7L2^! L 400 .!», SbH LH2| 71 gT 9 mTorr, 71 
B TIEilOOmmgtHJI £E 200° COilAi SOiQK 9-*t* ISEI^ SKKI S^StD*. 

□BOIL E TbOil EAIS Mm BOL Pt 2^0) Ru02M 1.5nm OISE §=»I01 tt* 2 Eg 

d+SJSftZlB «StH"h 2f 20Dnm ^B||2J Pt 2^(1) S0|| RuOx #5l-2j-© i*± 7h± £^01 2* 20~4(K£! 

15nii» 0|5 r 2| ^BO'S g**t!0. QIEh BOL Sr¥ 2Eg tm*i2t ^Hlfi Wt PZT 

si' ts^ass s*r* pzTam s*ntCT sihi Ruoxsi sgB sfSAism Ru s^m bopi 

*»KH 550° C fli S?|7|IH!A| 30M SSh BflEIB tO. 

□BOIL E 7dfl| EAIS tiW BOL 6PI Ru02 2 Eg 6.^^(2) feHHl PZT1 25CK270nm£J ^HS S^fol- 
0). &S2ai#(3)m SStl-Q. PZT^ 3SSM.Oig5|-01 2f 250^270nm2| S^SrHH, 5^* 

650° GQIIAJ 1AI2- #3 l^EIM &LL 0121- BOI E 8H EAIS HI-2F BOL PZT 53 2| 71* 7171- 

lOntn Om^. SigLh. 

ElKgWL E 7e0fl EAIS Hh2|- BOL 3B» Ru02S 2E« t!m^(4)# «fiS!Q. 

DsOiL E 7f0ij EAIS B^h BOL Pt AIM S^TsHS £W S^(5)i SS§ra gTSSai ?HSH 
AIE-Ig STS&CL 

Oiai- BS g &S2|: S-°2xfl 7HEHA1EH &Sg, #3^(2)51 =]f§ fSmQItfffi 

••.S»«a : -a : -SSMM t« 4S«0| OWOOTE* SE«rcfc OIltTfl gg#(Tiucieati:on rate)g g 

grbwth)AL E 9(HI EAIS UHI- IS BS gjW7l- 3M0iXI7il U £'299. *0|j!1 gSS-TJ" 

(grain growth rate) M feTft BIS 4S^S PZT^(3)g B§Z*2J (grain boundary) Oft ^2 

« 101 Lh^ pyroGhlore phase7h 2!Hloh01 perbvskite phased S Oi^OiS Sa» -SSB 

airSri. 9>S?il E!Q. DIM E 9 S E lOa/IGbCHl S" Lj-EFLr SIEL E: fe Ru02/Pt 2^ §011 '4!«S PZT 
M FESEM^ =gtt £3 S&^S, E 22J RZT SSifll &ZW ^§01 S§et7ij : LfEfU SiQK E 10a^ 
Ru02/Pt 2^ -SM ^a^l PZT2J ^0 a» ^013 ' S^S-E 3fiS|:-#lF 2^ ^012 S3 SS"CHi 
fciimOl • S ^(gra i n)2|. . H71 71- ^Btffl LFEhLh 2iH, E 10b^ RuG2/Pt jf= ^(Hl PZT2J 1 

@;2I : '£ 3HHI EAIS PZT2| tl^ SHU Oil bltKB pyrochlore,phase2| saff/BiSf HOI Sith 0I2F 
BOL MS S«W-aa:Oi 2J^H agOiS.&SSSKPZT)^ SW2| H7|7| H^H pyrochlore phase7f 
Tim iSOSra SPI tOlSOl ^ 267r ^OiXiTii SQL E OlitTll 3H2S SS2SI AFMHS 
«S»"2 : 0|-Qi E Ru02/Pt 2^ ^(Hl ««a PZT2] X-ray t|§ SH@£^ E 4£| PZT2] X-ray SI 
IH^OiiAi 29.85E ^E0)|: LhEi-Lfe pyrochlore phaseCHf 2|fj- fl§ gfE^K LiEhLOT SSO. E 12^ 
Ru02/Pt B^m Q\mmD\ H&E 2S»to x 25 M m, BOntn x 50 urn, 100pm x lOOgra S^2| PZT ^°2HI 
?HIHAiE10ilA| ^i^EilEIAI^ ^= ^20|LK E 13S Ru02/Pt OlgShOI °mO\E 

Pt/Ru02/PZT/Ru02/Pt 5S2SI ?HMA|E12| EIS 2^011 TDDBt%fl : flS) #S ^£9 S'OI-5 

EL EA|§ df2r : BOL SftStS 2f 5x10-7A/cn)2^S 1CUH OI&SJ §§0| 2*gg B 4^ SiCL E 14 

= s • statu '.B»aai ^hiaihwi sicmai. Ruo2/pt omtm °sch2 pzt zmaa ?hiai 

EldilAi EE ^^OlCh. Q17IAL §i! A Ife ^ B|#^:S0ideai) 2or2fOIU- S 

^(number of cydes)7f S0rl4=^ EE eg- tBgOil : -Zfi(^ S -A )&CL 0121- BS 27R m 
So «-flia:B|A|"^'^=2t EE 7IS2| SXh21 H717r ^OFXiH tSSSOi, IL^n BCHUE^ tt 

(X mm Sa S (grain boundary )0B pyrochlore phase7h ^71^ 2«. Hj-^EII 7l2i^Q. E 15a LH 

Al E 15d^ PZT ^£J 71g7IC10nmO{o«r)7r MO]E~ Ru02 2E3 '<3SFSf21 B7I 1 

ff ■S0ia--31HS J ^ Ru022j =JJ|I7r 70nm, 30nm, 2Ghm, lOhm' » s^Oii §SS PZT H*!^ S 

■SS LFEhii aoiQr. 01 Mm 9^9 WM RuQ22] =U7J ^!01E 15nm Q|«-fB gatfil PZT HJSf Sg2| 71 
g7|7} 10nm Q(o® MOi^M B 4 2JCL 

nm --am hbkbou s &soh hfe tib 8«w oi*» aftaai: ?h=iaiei2| i.a 
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